Assessment of chemical and nutrient characteristics of selected wetland waters and sediments in Bo - Moyamba districts, southern Sierra Leone by Olapade, O.J. & Tarawallie, S.
Introduction
Wetland contributes in diverse ways to the livelihoods of millions of people in Africa and Asia and is of huge eco-nomic importance (Kiepc, 2006). More than three billion people, around half the world's population, obtain theirbasic water needs from inland freshwater wetlands. Wetland habitats contain a multitude of ecological niches and
support a wide variety of flora and fauna with different ecological functions (EPW, 2004). As human populations and con-
sumption have increased, anthropogenic influences on wetlands have also increased (Verhoeven ct aI., 2006). Nutrient enrich-
ment, one component of this human influence, has been a major cause of reduced biodiversity and changes in community
structure and composition of wetlands worldwide (Keddy, 2000). The aquatic environment according to Mohamed (2008) is
subjected to different types of pollutants which enter water bodies. The transformation, composition, and distribution charac-
teristics of nutrients in natural wetlands are significantly affected by human activities, such as large-scale water conservancy
projects and agricultural activities. As nutrient loads to a wetland increase, biogeochemical processes are especially altered
and, consequently, levels of chemicals change in the water as well as in the soil, which is critical for much of the vegetation
found in wetlands. While phosphorus and nitrogen are required by wetland organisms, exposure to abnormally high amounts
(i.e., nutrient enrichment) represents a critical change in the overall environment. Nutrient enrichment has been shown to
influence all trophic levels within a wetland ecosystem and effects include changes in species abundance, displacement of
species, reduced species diversity, and shifts in community structure and composition (Piceno and Lovell, 2000; Murkin et
al., 1991; Boeye et aI., 1997;Hann et aI., 1997andGuntenspergen, 2002).
Heavy metals have a potential to contaminate soil and water, which can be dispersed and accumulated in plants and
animals, and taken in by humans through consumption (Wcislo et a1.,2002). Heavy metal contamination of sediments can
critically degrade aquatic systems (Charkhabi et al., 2005). In the aquatic environment, sediments have a high storage capac-
ity for contaminants. In the hydrological cycle, less than 0.1% of the metals are actually dissolved in the water and more than
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The impact of anthropogenic activities on chemical and nutrient characteristics of selected wetlands inMoyamba and 80 districts was
investigated. Waterand sediments samplesfor nutrient and trace metal analysis were collected for two seasons (wet and dry) at eight
sampling sites. Anthropogenic activities such as industrial effluent, domestic and agricultural waste disposal constitute major sources
of wetland pollution in the selected districts. Samples of water and soil were analyzed for metals (Cr. Co, Cd,Ni, Pb, Mg, Mn, Fe, Cu
and Zn) and nutrients (Ca, K, P and Na) levels were determined and their seasonal variations were compared at (p>0.05) significant
levels. Physico-chemical parameters such as Temperature, Dissolved oxygen, Ammonia, Nitrate, Nitrite, pH, General hardness and
Total alkalinity were also measured. Fe was the most concentrated metal in water (mean range J5.93±I.5 I to 33.65 ± 7.79mg//) and
in sediment (l5748±3526 to J07702 ± 84038 mg/l), while Cr and Mg were the least concentrated (0.34±0.14 to 0.53±0.09mg/l) and
(0.07±0.0I to 0.22±0.08 mg/I) respectively. Generally, trace metal levels in sediment of the study area were relatively higher than the
concentration in water. Na ~msthe most concentrated nutrient in both water and sediment while calcium was the least. Calcium plays
an important role in blood clotting, muscular contractions and in some enzymatic processes and as such its level in the studied wetlands
must be augmented. Accumulations of metals in the environmental matrices are ecologically undesirable as they pose threats to man
who is the end user of the values of wetland ecosystems and consequently the need for policy intervention in the effective management
of both domestic and industrial wastes.
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Keys: B=Baima;CF=ChinaFarm;GT=Gbanja Town; MI=Manjama Tnstitute; KT=Kandeh Town; NC=Njala Campus;
NY=New York;T= Towama.
Variables KH GH pH N02{mg/l) N03{mg/l) NH (mg/l) °2(mWl) Temp(OC)
B 44.5:t3.98 19.7±3.57 6.7±0.21 0.83±0.00 7.99±3.82 O.67:tO:11 5.~.47,_ :.J ',.77:to.47
CF 80.1±3.98 51.4±8.20 7.0±0.00 1.65±0.37 45.22±15.77 0.65±0.17 5.91±0.33 2j.65±0.4B
GT 1.17±O.28' :J47.5±7.5 65.3±3.75 7.3±0.21 2.35±0.46 45.83±14.03 5.21:tO.31 . S.91±O.77
MI 62.3±7.6 68.2±12.51 7.0±0.00 1.24±0.18 11.55±4.67 0.40±D.06 5.92±0.16 27.53±D.55
KT 123.8±11.6 142.4±7.96 8.47±0.17 0.96±0.14 16.50±5.50 2.21±D.25 4.7%0.32 la.73:tO.73 I
NC 28.6±2.97 50.4±5.47 7.17±0.17 1.24±0.18 15.3±2.20 1.02±D.21 5.86:tO.25 2.8.95±0.52
NY
i~
4.34:tO.26 ~8.93:tO.35 I47.5±5.93 71.2±7.96 7.5±0.22 0.96±0.14 0.30±0.01 O.86±O.24
T 80.1±3.98 169.7±8.50 7.0±0.45 1.93±0.28 30.56± 11.62 0.72±D.10 4.53±D.15 28.03±0.20
Statisticalanalysis: Spatial and temporal flow in water quality parameters was determined using mean and standard
deviation.One-wayanalysis of variance tests was used to find level of significance in seasonal variation of water quality pa-
rameters(SAS,1998).The data on physico-chemical parameters and water quality assessment were in tables while significant
variablesweresubjected to least significant difference tests (LSD).
Results and Discussion
TableI showsthe physical parameters of water in the selected wetlands in Bo and Moyamba districts.
Table1: Meanvalues of Physlco-chemlcal parameters in selected wetland waters (:tSD)






• Samplingprocedure: The sampling locations were stratified into eight sites was sampled in both wet and dry sea-
sonsover a period of one year (Figure 1).Assessment of the following water quality parameters - pH, Alkalinity,
Nitrite-Nitrogen,Nitrate - Nitrogen, General Hardness, Ammonia, Dissolved Oxygen and Temperature and were
determinedwith water analytical kits (PONDLAB 2000), oxygen probes and thermometer. Soil sample analysis
formetalsand nutrients was carried out according to Udo and Ogunwale (1986).
Material and Methods
80 andMoyamba districts are located in the southern province of Sierra Leone where most of the people are agrarian
andricefarmingis a dominant agricultural activity. Farmers grow rice throughout the year in bali lands (wetlands). Heavy
miningofrutile,bauxite, gold and diamond takes place in the catchment of the districts and sources of waters that enter the
wetlandsare from the catchment of these mining places. Obviously, the chemical nature of waters and sediments in these V>
areaswouldhave their influence on aquatic species. This present study investigates anthropogenic influences on physical, tr1
chemicalndnutrient characteristics of selected wetlands in Bo and Moyamba districts, southern Sierra Leone. Z<:....
~o
• StudyArea: Sierra Leone lies between latitude 7°N to lO'N and between longitude 100Wand 14°Wand has a total Z
landareaof72,325km2, with a coastal zone extending to a distance of about 560km (FOSL, 2008). The climates of ~
Moyamba-Bodistricts are mainly tropical and have distinct dry and wet seasons. The wet seasons last fromApril to Z~October,while the dry seasons extend from November to March. The mean temperature ranges from 21°C to 33°C >
t"'for the greater part of the dry season. The vegetation consists of farm bush, grass land and inland valley swamps "d









99.9%arestoredin sediments and soils (Karbassi et al., 2007 and Pradit et aI., 2009).





















Table 3: Mean values of nutrient in selected wetland sediment (mg/kg:tSD)
Variables Ca K
Values in the same column and with the same superscript are not significantly different (p>O.OS).Keys: B:Biama; CF: China Farm; GT: Gbanja













Table 2: Mean values' of nutrients in selected wetland waters (mgfl ±SD)
Ca K P
9.05±3.31" 10.98±2.50' 0.01 ±0.002'
4.98±1.36' 6.16±0.84bc 0.01 ±0.001'
1.77±0.60' 5.35±0.36bc 0.04±0.009'c
11.12±3.87ab 6.11 ±0.54bc 0.03±0.009ac
13.22±4.01 ab 10.61±2.47' O.04±0.015'c
5.54±3.03' 5.65±0.9Qbt 0.05±0.011bc
9.31±4.42' 4.47±0.51bc 0.04±0.008'c



















I:'"o NH4-N, N03-N and N02-N are considered to be non-cumulative toxins (Dallas & Day, 1993). High concentrations of
C')
>-< N03-N and N02-N may give rise to potential health risks particularly in pregnant women and bottle-fed infants (Kempster et
aI., 1997;Kelter et aI., 1997).N03-N at elevated concentrations is known to result in cyanosis in infants.Ammonia is naturally
present in surface water and groundwater and can be produced by the deamination of organic nitrogen containing compounds
and by the hydrolysis of urea. The problem of taste and odour may, however, arise when the NH4-N level is greater than
2mg/1and above l Omgl/, appreciable amounts ofN03-N may be produced from NH4-N under suitable anaerobic conditions
(WHO, 1993and Kempster et aI., 1997). The minimum and maximum mean values ofN02, N03and NH4are (0.83±0.00 and
2.35±0,46), (0.30±0.01 and 54.83±14.03) and (0,40±0.06 and 2.21±0.28) respectively. The values obtained for some of the
locations were above the "no effect" range for drinking water (WRC, 2003) and this could be attributed to surface run-off
from farms and slurry from houses and animal pens into the wetlands.
Nutrients investigated in the selected wetlands are calcium (Ca), potassium (K), phosphate (P04-P) and Sodium (Na).
Their concentrations are presented in Tables 2 and 3.
• Dissolved oxygen: Dissolved oxygen concentration in all the locations was not significantly different. DO values
recorded ranged between 4.34±0.26 and 5.92±0,47 were above the critical level of3 - 4mg/1recommended for the
culture of the African cat fish (Omitoyin, 2007). Seasonal fluctuation in dissolved oxygen content are controlled
by factors such as organic waste load, flow velocity, temperature, turbidity, photosynthetic activity and respiratory
activity of aquatic organisms (Schmidt - Nielson, 1990 as cited by Oduwole, 1997).
• pH: The pH of a water body is important in the chemical speciation, bioavailability and toxicity of trace metals.
Mean pH values of6.70 ±0.2l - 8.17±0.17 obtained in this study was within the range associated with most natural
waters (Chapman, 1992)and are within the "no effect" range of 6.0-9.0 for drinking water use (WRC, 2003).
• Total Alkalinity: The Total alkalinity of the sampling locations ranged from 28.6±3.98 to 123.8±11mg/1.Accord-
ing to Baird (2000) in the absence of sufficient carbonic acid, the bicarbonate ion in the water dissociates to form
additional carbon dioxide and algae are known to readily exploit this carbon dioxide for their photosynthetic needs,
at the cost of allowing a build-up of hydroxide ions to such an extent that the water becomes quite alkaline. Kandeh
town wetland recorded the highest alkalinity value of 123.8±11.6while the least alkalinity value of28.6±2.97 was
obtained at Njala University Campus. The low alkalinity value obtained at Njala Campus could probably be due to
the reaction of the excess hydroxide ions with other reactive species in the stream channel course.
• General Hardness: Hardness of the study areas ranged from 19.7±3.57 toI69.7±8.50 mg/I CaC03. The variation
in hardness recorded at the eight locations could be due to salt solubility and anthropogenic activities such as farm-
ing. The water of the studied locations can be described as being soft to moderately soft since some of the values
recorded fell within the soft to moderately soft range of 0 - 100mg/1(WRC, 2003) .
• Temperature: Temperature values recorded for all the locations which are not above the recommended values for
fish farming and rice cultivation ranged between 26.91±0.77 and 29.77±0,47°C.
PROCEEDINGS OF 28TH ANNUAL CONFElumCE, NOV. 25-30, 2013
NaVariables
2 0 3
. . . ,
• P h o s p h a t e : T h e m e a n p h o s p h a t e v a l u e s r e c o r d e d i n w a t e r r a n g e d f r o m 0 . 0 1 ± 0 . 0 0 1 t o 8 . 0 7 ± 1 . 2 6 m g / I a n d 0
0 . 1 0 ± 0 . 0 3 t o 0 . 1 2 ± O . O Sm g / I i n s e d i m e n t . T h e l e v e l s i n w a t e r w e r e s i g n i f i c a n t ( p < O . O O S )b u t w e r e n o t s t a t i s t i c a l l y ~
d i f f e r e n t . T h e s e v a l u e s w h i c h a r e i n d i c a t i v e o f l e s s e n r i c h m e n t a r e b e l o w t h e E P A m a x i m u m g u i d e l i n e v a l u e s o f 0
2 . 0 m g / 1 f o r t o t a l p h o s p h o r u s w i t h t h e e x c e p t i o n o f T o w a m a w h e r e a v a l u e o f 8 . 0 7 ± 1 . 2 6 m g / I w a s r e c o r d e d . T h e 5
h i g h p h o s p h a t e v a l u e r e c o r d e d a t T o w a m a c o u l d b e a t t r i b u t e d t o t h e e x c e s s i v e a p p l i c a t i o n o f p h o s p h a t e c o n t a i n - ~
i n g i n o r g a n i c f e r t i l i z e r t o r i c e p a d d y . P h o s p h o r u s i s a l s o o f g r e a t i m p o r t a n c e a s a n e s s e n t i a l n u t r i e n t i n w e t l a n d
e c o s y s t e m s . P h o s p h o r u s i s a n e s s e n t i a l n u t r i e n t a n d c a n e x i s t i n w a t e r i n b o t h d i s s o l v e d a n d p a r t i c u l a t e f o r m s . I t
i s v i t a l t o t h e p r o d u c t i o n o f l i v i n g o r g a n i s m s i n t h e a q u a t i c e n v i r o n m e n t ( B a i r d 2 0 0 0 ) . C h a p m a n ( 1 9 9 2 ) n o t e d t h a t
p h o s p h o r u s i n m o s t n a t u r a l s u r f a c e w a t e r s r a n g e i s f r o m O . O O St o 0 . 0 2 0 m g / l a s P 0 4 - P .
• T r a c e m e t a l c o n c e n t r a t i o n s a t t h e e i g h t s a m p l i n g l o c a t i o n s f o r w a t e r a n d s e d i m e n t i s p r e s e n t e d i n T a b l e 4 a n d S .
S e l e n i u m a n d A r s e n i c w e r e n o t d e t e c t e d i n t h e a m b i e n t w a t e r a n d s e d i m e n t s . H e a v y m e t a l c o n t e n t s o f t h e s a m p l i n g
l o c a t i o n s w e r e g e n e r a l l y h i g h . C r , C o , M g , a n d N i a r e a l l t o x i c m e t a l s t h o u g h n o t s i g n i f i c a n t f r o m t h e p o i n t o f
w o r k i n g e n v i r o n m e n t s a n d d o n o t c a u s e a q u a t i c p o l l u t i o n p r o b l e m s i n g e n e r a l ( V a r s h n e y , 1 9 8 3 ) . T h e m e a n C r , C o ,
M g a n d N i c o n c e n t r a t i o n s i n w a t e r a n d s e d i m e n t s o f t h e s a m p l i n g l o c a t i o n s r a n g e d f r o m ( 0 . 3 4 ± 0 . 1 4 t o 0 . S 3 ± 0 . 0 9 ,
0 . 2 8 ± 0 . 0 8 t o 0 . 4 S ± 0 . 0 7 , 1 0 . 2 S ± 3 . 8 0 t o 1 2 . 4 2 ± 4 . 7 3 a n d 0 . 6 S ± 0 . 1 l t o 0 . 8 3 ± 0 . 1 3 ) a n d ( 2 8 . S 2 ± 2 . 5 3 t o S 7 . 3 1 ± 9 . 3 2 ,
9 . 7 1 ± 2 . 6 7 t o 1 3 . 2 9 ± 2 . 2 6 , 0 . 0 7 ± 0 . 0 1 t o 0 . 2 2 ± 0 . 0 8 a n d 2 1 . 2 7 ± 2 . 4 6 t o 3 1 . 2 9 ± 2 . 3 8 ) r e s p e c t i v e l y .
• C a d m i u m : C d i s o n e o f t h e m o s t t o x i c e l e m e n t s w i t h w i d e s p r e a d c a r c i n o g e n i c e f f e c t s i n h u m a n s ( G o e r i n g e t a l . ,
1 9 9 4 ) a n d i s w i d e l y d i s t r i b u t e d i n t h e a q u a t i c e n v i r o n m e n t . T h e m e a n C d c o n c e n t r a t i o n s i n w a t e r a n d s e d i m e n t s
o f t h e s a m p l i n g l o c a t i o n s v a r i e d f r o m 0 . 1 2 ± O . O S t o 0 . 7 O ± 0 . 0 1 6 a n d 2 . 7 0 ± 0 . 0 5 0 . 3 5 t o 4 . 2 0 ± 0 . 2 5 r e s p e c t i v e l y .
P o s s i b l e C d e f f e c t s i n h u m a n i n c l u d e a c c u m u l a t i o n m a i n l y i n t h e k i d n e y a n d l i v e r . H i g h c o n c e n t r a t i o n s h a v e
b e e n f o u n d t o l e a d t o c h r o n i c k i d n e y d y s f u n c t i o n , i n d u c i n g c e l l i n j u r y a n d d e a t h b y i n t e r f e r i n g w i t h c a l c i u m ( C a )
r e g u l a t i o n i n b i o l o g i c a l s y s t e m s , t o x i c i t y t o f i s h a n d o t h e r a q u a t i c o r g a n i s m s ( W o o d w o r t h & P a s c o e , 1 9 8 2 ) , a n d
i t s i n v o l v e m e n t i n e n d o c r i n e d i s r u p t i n g a c t i v i t i e s , w h i c h c o u l d p o s e s e r i o u s h e a l t h p r o b l e r t i . H o w e v e r , c o n c e n t r a -
t i o n s o f c a d m i u m i n w a t e r a r e o n l y l i k e l y t o b e o f h e a l t h c o n c e r n i n e n v i r o n m e n t s w h e r e p H i s l e s s t h a n 4 . S ( W H O ,
2 0 0 4 ) .
• L e a d : P b h a s b e e n f o u n d t o b e r e s p o n s i b l e f o r q u i t e a n u m b e r o f a i l m e n t s i n h u m a n s , s u c h a s c h r o n i c n e u r o l o g i c a l
d i s o r d e r s e s p e c i a l l y i n f o e t u s a n d c h i l d r e n . R e s u l t s f r o m t h e s t u d y s h o w e d t h a t t h e w a t e r s o f t h e s t u d y a r e a m a y b e
d e t r i m e n t a l t o f o e t u s e s a n d c h i l d r e n w i t h p o s s i b l e d e v e l o p m e n t o f n e u r o l o g i c a l p r o b l e m s s i n c e P h l e v e l s i n t h e s e
w a t e r s w e r e > 0 . 1 m g / l . M e a n v a l u e s o f P b i n w a t e r a n d s o i l r a n g e d f r o m 0 . 7 2 : ! , 0 . 1 6 t o 1 . 1 2 ± 0 . 1 6 m g / l a n d 1 4 . 2 2
± 4 . 4 9 t o 4 6 . 8 4 ± 6 . 9 3 m g / I r e s p e c t i v e l y .
• M a n g a n e s e : M n i s a n e l e m e n t o f l o w t o x i c i t y h a v i n g c o n s i d e r a b l e b i o l o g i c a l s i g n i f i c a n c e a n d o n e o f t h e m o r e b i o -
g e o c h e m i c a l l y a c t i v e t r a n s i t i o n m e t a l s i n a q u a t i c e n v i r o n m e n t ( E v a n s e t a I . , 1 9 7 7 ) . M n o c c u r s i n s u r f a c e w a t e r s
t h a t a r e l o w i n O x y g e n a n d o f t e n d o e s s o w i t h F e a n d a r e a l s o k n o w n t o d i s s o l v e f r o m s e d i m e n t s u n d e r a n a e r o b i c
c o n d i t i o n s a n d p r e c i p i t a t e s u n d e r a e r o b i c c o n d i t i o n s ( W R C , 2 0 0 3 ) . T h e m e a n c o n c e n t r a t i o n o f M a n g a n e s e i n b o t h
w a t e r a n d s e d i m e n t s o f t h e e i g h t l o c a t i o n s w e r e a b o v e t h e W o r l d H e a l t h O r g a n i z a t i o n ( 1 9 8 4 ) m a x i m u m p e r m i s -
s i b l e l i m i t s o f O . O S m g / 1a n d a r e a b o v e t h e " n o e f f e c t " r a n g e o f O - O . O Sm g l l f o r d r i n k i n g w a t e r ( W R C , 2 0 0 3 ) .
• Z i n c : Z n i s o n e o f t h e e a r l i e s t k n o w n t r a c e m e t a l a n d a c o m m o n e n v i r o n m e n t a l p o l l u t a n t , w h i c h i s w i d e l y d i s -
t r i b u t e d i n t h e a q u a t i c e n v i r o n m e n t . I t h a s b e e n f o u n d t o h a v e l o w t o x i c i t y e f f e c t i n m a n . H o w e v e r , p r o l o n g e d
c o n s u m p t i o n o f l a r g e d o s e s c a n r e s u l t i n s o m e h e a l t h c o m p l i c a t i o n s s u c h a s f a t i g u e , d i z z i n e s s a n d n e u t r o p e n i a
• S o d i u m : S o d i u m i s o f g r e a t i m p o r t a n c e a s a n e s s e n t i a l n u t r i e n t i n w e t l a n d e c o s y s t e m s . C o n c e n t r a t i o n i n t h e s t u d y
l o c a t i o n s h a d a p p r e c i a b l y l o w s o d i u m l e v e l s w h i c h f e l l w i t h i n W H O m a x i m u m a c c e p t a b l e l i m i t s f o r d r i n k i n g
w a t e r . T h e m e a n S o d i u m v a l u e s r e c o r d e d r a n g e d f r o m 8 . 7 8 ± 0 . S 9 t o 1 6 . 7 3 ± 2 . 3 9 m g / I i n w a t e r , a n d I S l . 0 0 ± 2 7 . 1 9
t o 2 1 0 . 7 S ± 4 7 . 6 3 i n s e d i m e n t .
• P o t a s s i u m : M e a n v a l u e s o f p o t a s s i u m r e c o r d e d r a n g e d f r o m 4 . 4 7 ± O . S I t o 1 0 . 9 8 ± 2 . S O i n w a t e r , a n d 0 . 0 4 ± 0 . 0 2
' t j
t o 0 . 1 9 ± 0 . 1 0 i n s e d i m e n t s . K i s p r i m a r i l y a n i n t r a c e l l u l a r c a t i o n f o u n d m o s t l y b o u n d t o p r o t e i n i n t h e b o d y a l o n g 0
w i t h s o d i u m w h e r e t h e y i n f l u e n c e o s m o t i c p r e s s u r e a n d c o n t r i b u t e t o n o r m a l p H e q u i l i b r i u m ( F l e c k , 1 9 7 6 ) ~
c
. . . ,




V a l u e s i n t h e s a m e c o l u m n a n d w i t h t h e s a m e s u p e r s c r i p t a r e n o t s i g n i f i c a n t l y d i f f e r e n t ( p > O . 0 5 ) .
K e y s : B ; B i a m a ; C F ; C h i n a F a r m ; G T ; G b a n j a T o w n ; M I ; M a n j a m a I n s t i t u t e ; K T ; K a n d e h T o w n ;
N C ; N j a l a C a m p u s ; N Y ; N e w Y o r k ; T ; T o w a m a .
• C a l c i u m : C a l c i u m p l a y s a n i m p o r t a n t r o l e i n b l o o d c l o t t i n g , i n m u s c u l a r c o n t r a c t i o n s a n d i n s o m e e n z y m e s w h i c h t ! : I
a s s i s t i n m e t a b o l i c p r o c e s s e s . C a t e n d s t o b e a c o o r d i n a t o r a m o n g i n o r g a n i c e l e m e n t s , s u c h t h a t w h e n K , M g a n d ~
N a a r e p r e s e n t i n q u a n t i t i e s b e y o n d a p a r t i c u l a r l i m i t i n t h e b o d y , C a a s s u m e s a c o r r e c t i v e r o l e ( F l e c k , 1 9 7 6 ) . T h e ; ;
m e a n C a v a l u e s r e c o r d e d r a n g e d b e t w e e n 1 . 7 7 ± 0 . 6 0 t o 9 . 3 1 ± 0 . 4 . 4 2 m g / I i n w a t e r , a n d 0 . 0 0 0 1 ± 0 . 0 0 0 2 t o 0 . 0 0 2 0
Z
± 0 . 0 0 1 m g / I i n s e d i m e n t . C a l c i u m c o n t e n t s o f s e d i m e n t s a r e k n o w n t o b e h i g h l y d e p e n d e n t o n t h e d e n s i t y o f m a c r o i s : :
b e n t h o s c o m m u n i t y . L o w c a l c i u m c o n c e n t r a t i o n s r e c o r d e d c o u l d b e d u e t o l o w b i o l o g i c a l p r o d u c t i v i t y i n t h e a r e a ~
~ ~ ~
I : ' " '
1 n . 1 7 ± 4 3 . 9 6 a .O . 1 2 ± o . o s aO . 1 6 ± O . 0 7 a
W O . O O 1 ± O . O O O 2 a
N a
p
KV a r i a b l e s C a
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Values in the same column and with the same superscript are not significantly different (p>O.OS)
Keys: B=Biama;CF=China Farm;GT=Cbanja Town;MI= Manjama Institute; KT=Kandeh Town;NC= Njala
Campus; NY= New York;T= Towama.
97.01 ±39.20'O.OB±O.01' 63.00±14.13' 26933±76B2'
PbCd Nico Cu ZnMg Mn FeCr
Table 5: Meanvalues of trace metals concentration in selected wetland sediment (mglkg ±SD).
"
Values in the same column and with the same superscript are not significantly different (p>O.OS)
Keys: B=Biama;CF=China Farm; GT=Gbanja Town;Ml= tvumiama Institute; KT=Kandeh Tawil;NC= Nja/a
Campus; NY= New York;T=Towama.
B.02±6.35a1> 0.67±0.11'O.B4±0.09" 12.1B±4.13' 0.19±0.06'0.47±0.07' 0.2B±0.OB' 0.70±0.16aT
O.53±O.09'- O.43±O.O9'- O.16±O.04a O.77±O.OBa 1.12±O.16' 11.86±4.62' O.B5±0.49-' 27.91±14.33a 2.B4±1.27aB
Variables ZnCr CO Cd Ni Pb Mg Mn Fe Cu
• Iron (Fe): Iron is found in natural fresh- and groundwater, but have no health-based guideline value, although high
concentrations give rise to consumer complaints due to its ability to discolour aerobic waters at concentrations
above 0.3 mg/I (WHO, 2004). The mean Fe concentration for water and soil varied from 15.93±J .51 to 33.65 ±
7.79 mg/I, and I5748±3526 to 107702± 84038 mg/l respectively. The concentration of dissolved iron in water is
dependent on thepH, redox potential, turbidity, suspended matter, the concentration of aluminum and the occur-

























(Hess and Schmidt, 2002). Studies have also shown that Zn could be toxic to some aquatic organisms such as fish
(Alabaster and Lloyd, 1980). In the waters of the study area, the mean Zn concentrations varied from 0.29± 0.09 to
0.85 ± 0.38 mg/I, while in soil it is 27.53 ± 5.55 to 368.88 ± 143.3mg/1.This could be attributed to natural sources
resulting from the weathering of minerals and soils (Merian, 1991).
• Copper (Cu): Copper is intimately related to the aerobic degradation of organic matter (Das and Notling, 1993)
and has been shown to cause acute gastro intestinal discomfort and nausea at concentrations above 3 mg/I (WHO,
2004). The mean Cu concentrations varied from 2.84 ± 1.27 to 9.21 ± 6.31 mg/I in water and 12.46± 0.59 to 32.15
± 4.70 mg/I in sediments. The high Cu levels could be attributed to the level of organic load which enhances the
process of aerobic degradation of organic matter which, invariably, is intimately related to the deposition of Cu
(Das & Notling, 1993). The United States Environmental Protection Agency has classified lead (Pb) as being
potentially hazardous and toxic to most forms of life (USEPA, 1986a). Iron (Fe) has frequently been used as an
indication of natural changes in the trace metal carrying capacity of sediments ( Rule, 1986), and its concentration
has been related to the abundance of metal reactive compounds supposedly not significantly affected by man's ac-
tion (Luoma, 1990).
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